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PREFACE 


Ten  experiments  were  conducted  at  the  Coastal  Engineering  Research 
Center  (CERC)  from  1970  to  1972  as  part  of  an  investigation  of  the  Lab- 
oratory Effects  in  Beach  Studies  (LEBS),  to  relate  wave  height  varia- 
bility to  wave  reflection  from  a movable-bed  profile  in  a wave  tank. 

The  investigation  also  identified  the  effects  of  other  laboratory  con- 
straints. Tlie  LEBS  project  is  directed  toward  the  solution  of  problems 
facing  the  laboratory  researcher  or  engineer  in  charge  of  a model  study; 
ultimately,  the  results  will  be  of  use  to  field  engineers  in  the  analysis 
of  model  studies.  Tlie  work  was  carried  out  under  the  CERC  coastal  pro- 
cesses program. 

This  report  (Vol.  V),  the  fifth  in  a series  of  eight  volumes  on  the 
LEBS  experiments,  analyzes  a movable-bed  experiment  which  shows  that 
wave  height  variability  depends  on  a complex  relationship  between  pro- 
file changes  and  wave  reflection.  The  experiment,  when  compared  to 
earlier  tests,  suggests  that  the  tank  width  is  an  important  parameter 
affecting  profile  development. 

Volume  I of  this  series  documents  the  procedures  used  in  the  10 
movable-bed  laboratory  experiments,  and  also  serves  as  a guide  for  con- 
ducting realistic  coastal  engineering  laboratory  studies.  Volumes  II  to 
VII  are  data  reports  for  the  other  experiments;  Volume  VIII  is  a final 
analysis  report. 

This  report  was  prepared  by  Charles  B.  Chesnutt,  principal  investi- 
gator, and  Robert  P.  Stafford,  senior  technician  in  charge  of  the  experi- 
ment. Dr.  C.J.  Galvin,  Jr.,  Chief,  Coastal  Processes  Branch,  provided 
general  supervision. 

Comments  on  this  publication  are  invited. 


Approved  for  publication  in  accordance  with  Public  Law  166,  79th 
Congress,  approved  31  July  1945,  as  supplemented  by  Public  Law  172,  88th 
Congress,  approved  7 November  1963. 
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Colonel,  Corps  of  Engineers 
Commander  and  Director 
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CONVERSION  FACTORS,  U.S.  CUSTOMARY  TO  MIHRIC  (SI) 
UNITS  OF  MEASURiiMENT 


U.S.  customary  units 
to  metric  (SI)  units 

of  me.'isurement 
as  follows: 

used  in  this  report  can  be  converted 

Multiply 

by 

To  obtain 

inches 

25.4 

millimeters 

2.54 

centimeters 

square  inches 

6.452 

square  centimeters 

cubic  inches 

16.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0283 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

knots 

1.8532 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.3558 

newton  meters 

millibars 

1.0197  X 10" 

^ kilograms  per  square  centimeter 

ounces 

28.35 

grams 

pounds 

453.6 

grams 

0.4536 

kilograms 

ton,  long 

1.0160 

metric  tons 

ton,  short 

0.9072 

metric  tons 

degrees  (angle) 

0.1745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins^ 

To  obtain  Celsius  (C)  temperature  readings  from  Falircnheit  (F)  readings, 
use  formula:  C = (5/9)  (F  -32). 

To  obtain  Kelvin  (K)  readings,  use  formula:  K = (5/9)  (F  -32)  + 273.15. 
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LABORATORY  EFFECTS  IN  BEAQl  STUDIES 


Volume  V.  Movable-Bed  Experiment  With  H^/L^  = 0.039 

by 

Charles  B.  Chesnutt  and  Robert  P.  Stafford 
I.  INTRODUCTION 


1 . Background. 

Wave  reflection  has  been  shown  to  vary  significantly  as  a movable-bed 
profile  changes  from  an  initial  planar  slope  to  one  closer  to  equilibrium 
(Chesnutt  and  Galvin,  1974).  Wave  reflection  from  a profile  of  a given 
slope  is  expected  to  decrease  with  increasing  wave  steepness. 

The  Laboratory  Effects  in  Beach  Studies  (LEBS)  project  was  initiated 
at  the  Coastal  Engineering  Research  Center  (CERC)  in  1966  to  investigate 
the  causes  of  wave  height  variability  and  other  problems  associated  with 
movable-bed  coastal  engineering  laboratory  studies.  Ten  movable-bed  lab- 
oratory experiments  were  conducted  from  1970  to  1972  in  the  CERC  Shore 
Processes  Test  Basin  (SPTB)  to  measure  the  variation  in  reflection  as  the 
profile  developed  toward  equilibrium.  This  report  (Vol.  V)  discusses  the 
experiment  conducted  with  H^/L^  = 0.039;  Volumes  II,  III,  and  IV  (Chesnutt 
and  Stafford,  1977a,  1977b,  1977c)  discussed  the  experiments  conducted 
with  Hq/L^  = 0.021.  The  other  four  experiments  are  covered  in  Volumes  VI 
and  VII,  part  of  a series  of  eight  reports  on  LEBS.  Volume  I of  the  series 
(Stafford  and  Chesnutt,  1977)  discusses  the  contents  and  primary  purposes 
of  these  reports. 


Volumes  II  and  III  in  this  series  (Chesnutt  and  Stafford,  1977a,  1977b) 
describe  four  experiments  with  initial  slopes  of  0.10  and  wave  steepness 
of  0.021,  which  led  directly  to  the  experiment  described  in  this  report. 
Those  experiments  were  conducted  primarily  to  (a)  relate  the  variation  of 
wave  height  to  the  variation  in  wave  reflection  caused  by  changes  in  the 
movable-bed  profile,  and  (b)  define  the  equilibrium  profile  shape,  at 
which  point  it  was  assumed  that  the  wave  height  variability  would  be  sig- 
nificantly reduced. 

The  experiment  discussed  in  this  study  had  an  initial  slope  of  0.10, 
but  wave  steepness  was  increased  from  0.021  to  0.039,  in  an  attempt  to 
determine  how  much  the  wave  reflection  and  the  reflection  variability 
would  be  reduced  by  increased  wave  steepness. 


Experiment  72D-06  (Vol.  IV;  Chesnutt  and  Stafford,  1977c)  was  con- 
ducted concurrently  with  this  experiment.  Results  will  also  be  compared 
with  that  experiment,  which  had  a wave  period  of  1.90  seconds,  but  had 
an  initial  slope  of  0.05. 
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2.  Experimental  Procedures. 


The  experimental  procedures  used  in  the  LEBS  experiments  are  described 
in  Volume  I (Stafford  and  Chesnutt,  1977)  which  provides  the  necessary 
details  on  the  equipment,  quality  control,  data  collection,  and  data 
reduction  for  all  10  experiments.  Data  collection  and  reduction  pro- 
cedures unique  to  the  experiment  in  this  study  are  documented  in  the 
Appendix. 

The  conditions  of  experiment  72C-10  (the  subject  of  this  report)  and 
experiment  71Y-10  (discussed  in  Vol.  Ill  and  compared  with  experiment 
72C-10  in  this  volume)  are  summarized  in  Table  1.  The  table  shows  that 
initial  test  length,  initial  slope,  water  depth,  and  sand  size  were  the 
same  in  both  experiments.  Although  the  wave  period,  height,  steepness, 
and  energy  density  differed,  the  wave  energy  flux  was  the  same.  The 
wavelength  was  10.26  feet  (3.13  meters). 


Table  1.  Summary  of  experimental  conditions. 


Experiment^ 

Initial  test 
length 

(ft) 

Initial 

slope 

Wave 

period 

(s) 

Generated^ 
wave  height 

(ft) 

Initial ^ 
median 
grain  size 
(mm) 

72C-10 

54.7 

0.10 

1.50 

0.41 

0.21 

71Y-10 

54.7 

0.10 

1.90 

0.36 

0.23 

^Refer  to  Volume  I (Stafford  and  Chesnutt,  1977)  for  relation  between 
these  experiments  and  the  other  eight  LEBS  experiments. 

^Determined  for  the  given  wave  period  and  constant  water  depth  of  2.33 
feet  (0.7  meter)  so  that  the  generated  wave  energy  flux,  computed  from 
linear  theory,  had  a constant  value  of  5.8  foot-pounds  per  foot -second. 

^Initial  dso  by  dry  sieve  analysis. 

NOTE. — Constants:  water  depth  = 2.33  feet,  wave  energy  flux  = 5.8  foot- 
pounds per  foot-second. 

The  experimental  facility  used  is  shown  in  Volume  I (Fig.  4)  and  in 
the  Appendix  (Fig.  A-1) . The  facility  consisted  of  two  side-by-side 
10-foot-wide  (3  meters)  wave  tanks,  one  with  a 0.10  concrete  slope  and 
the  other  a sand  slope.  A generator  was  common  to  both  tanks  so  that 
each  had  identical  wave  energy  input.  The  operation  of  the  generators  is 
described  in  Section  IV  and  Appendix  B of  Volume  I.  The  concrete  slope 
provided  a control  (a  bench-mark  value)  for  the  varying  reflection  meas- 
ured in  the  neighboring  tank  with  the  movable  bed.  The  initial  test 
length  was  7 feet  (2.1  meters)  greater  on  the  concrete  side. 

The  initial  grading  of  the  sand  slope  was  27  September  1972.  The 
first  run  was  on  3 October  1972,  tlie  last  run  was  on  7 December  1972  after 
140  hours,  and  the  data  collection  was  completed  14  December  1972.  The 
dates  are  important  because  the  experiments  were  run  in  outdoor  facilities 
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Table  2.  Experimental  schedule  for  experiment  72C-10. 


Cumulative 

time^ 

(hr:min) 

Wave  record 
No. 

1 

Survey  No. 

1 

Special  data  collected 

0:00 

1 

1 

Sand  samples 

0:10 

55 

2 

0:40 

56 

3 

1:30 

57 

4 

3:00 

58 

5 

5:00 

59 

6 

10:00 

60 

7 

2 

__3 

3 

30:00 

64 

11 

Wave  reflection 

2 

._3 

3 

50:00 

68 

15,  SI 

Sand  samples,  profile  surveys 
ripple  photos 

2 

__3 

3 

60:00 

70 

17 

Wave  reflection 

2 

__3 

3 

80:00 

74 

21 

Wave  reflection 

2 

_.3 

3 

1 

100:00 

78 

25,  S2 

Sand  samples,  profile  surveys 
ripple  photos 

2 

._3 

3 

140:00 

86 

33,  S3 

Sand  samples,  profile  surveys 
ripple  photos 

1 ... 

^Wave  records  were  taken  during  run  ending  at  cumulative  time  shown; 
surveys,  sand  samples,  and  ripple  photos  were  taken  after  the  run  end- 
ing at  the  cumulative  time  shown  (see  also  Table  3) . 

^Increments  of  5. 

^Increments  of  1. 

with  water  temperatures  varying  with  ambient  air  temperature.  The  major 
events  of  the  experiment  and  the  cumulative  time  at  the  end  of  each  run 
are  summarized  in  Table  2, 


Table  3 gives  the  data  collection  schedule  within  each  5-hour  run. 
During  the  first  5 hours  when  the  runs  varied  in  length,  the  same  data 
were  collected,  with  the  schedule  depending  on  the  length  of  the  run. 


This  report  describes  and  analyzes  the  reduced  data  from  LEBS  experi- 
ment 72C-10.  The  original  data  are  available  in  an  unpublished  laboratory 
memorandum  (No.  4)  filed  in  the  CERC  library  (Leffler  and  Chesnutt,  1977). 

Wave  reflection,  profile  surveys,  sediment-size  distribution,  breaker 
characteristics,  water  temperature,  and  current  observations  are  discussed 
in  Section  II.  Section  III  discusses  (a)  profile  development,  which  ex- 
amines the  interrelation  of  changes  in  profile  shape,  sediment-size  dis- 
tribution, breaker  characteristics,  water  temperature,  and  currents;  and 
(b)  profile  reflectivity,  which  examines  the  interrelation  of  changes  in 
profile  shape,  breaker  characteristics,  currents,  and  wave  reflection. 
Section  IV  summarizes  the  results  on  wave  height  variability,  profile 
equilibrium,  and  other  laboratory  effects. 

The  conclusions  and  recommendations  (Sec.  V)  are  aimed  directly  at 
the  problems  of  the  laboratory  researcher  or  engineer  in  charge  of  a 
model  study.  Field  engineers  should  be  aware  of  these  results  when 
analyzing  model  studies  for  projects. 

The  data  in  this  study  (particularly  the  profiles)  may  have  other  uses. 
The  researcher  can  use  these  data,  after  consideration  of  the  laboratory 
effects,  to  analyze  short-  and  long-term  changes  in  profile  shape.  The 
field  engineer  may  use  these  data,  after  an  .analysis  of  the  laboratory  and 
scale  effects,  to  determine  generalized  shoreline  recession  rates  for  this 
very  steep  wave. 
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II.  RESULTS 


Wave  Height  Variabilitv 


a.  Incident  Wave  Heights.  Wave  height  measurements  from  the  contin- 
uous recording  of  water  surface  elevation  along  the  center  range  at  station 
+25  in  both  tanks  during  the  first  10  minutes  for  experiment  72C-10  are 
shown  in  Table  4.  The  wave  heights  in  both  tanks  varied  from  0.37  to  0.48 
foot  (11.3  to  14.6  centimeters)  during  the  first  20  seconds.  Ignoring 
the  first  group  of  waves,  the  range  was  0.07  foot  (2.1  centimeters)  in 
the  movable-bed  tank  and  0.12  foot  (3.7  centimeters)  in  the  fixed-bed 
tank. 


The  average  wave  height  in  each  tank  was  determined  by  averaging  the 
average  of  the  10  waves  nearest  each  full  minute.  The  average  wave  height 
was  0.38  foot  (11.6  centimeters)  in  the  movable-bed  tank  and  0.43  foot 
(13.1  centimeters)  in  the  fixed-bed  tank.  The  initial  height  differences 
are  assumed  to  occur  primarily  because  the  gages  were  different  distances 
from  the  profile  and  thus  at  different  points  in  the  standing  wave  envelope. 


Table  5 shows  the  computed  average  incident  wave  heights  in  the  two 
tanks  during  140  hours  of  testing.  These  heights  were  determined  by  the 
automated  method  for  determining  the  reflection  coefficient,  (see 

Vol.  I),  which  assumes  that  the  incident  wave  is  a single  sine  wave.  The 
range  of  values  for  the  fixed-bed  tank  was  0.03  foot  (0.9  centimeter).  This 
variation  is  probably  caused  by  generator  operation  variation,  measure- 
ment errors,  and  all  errors  not  caused  by  a changing  profile.  The  range 
of  values  in  the  movable-bed  tank  was  0,09  foot  (2.7  centimeters).  The 
difference  between  the  two  tanks  indicates  that  0.06  foot  (1.8  centimeters) 
of  the  variation  in  the  movable-bed  tank  was  due  to  the  changing  profile 
which  caused  a variation  in  the  reflected  and  re-reflected  wave  heights. 

The  re-reflected  wave  superposing  with  the  generated  wave  created  an 
incident  wave  which  varied  in  time. 


b.  Wave  Reflection.  The  reflection  coefficient,  data  deter- 

mined by  the  manual  and  automated  methods  are  given  in  Table  6.  The  two 
methods  are  described  in  Volume  I.  A plot  of  versus  time  comparing 

the  two  methods  for  ranges  1,  5,  and  9 in  the  movable-bed  tank  (Fig.  1), 
indicates  that  the  manual  method  gave  higher  values.  A scatter  plot  of 
values  for  the  manual  method  versus  the  automated  method  (Fig.  2) 
for  those  wave  records  reduced  by  both  methods  also  shows  that  the 
manual  values  were  higher  than  the  automated  values.  The  generalized 
region  in  Figure  2 is  where  equivalent  data  for  the  1.90-second  wave 
plotted  and  is  the  justification  for  assuming  that  the  average  difference 
between  the  two  methods  (0,09  for  the  1.50-second  wave)  is  constant. 

All  K/j  data  from  the  movable-bed  tank  versus  time  are  plotted  in 
Figure  3,  with  the  manual  method  values  reduced  by  0.09  to  give  a single 
curve  for  each  of  the  three  ranges.  The  three  K/f  values  at  each  time 
have  been  averaged  to  give  a single  curve.  The  outside  ranges  show  a 
greater  variation  in  K/j  than  the  center  range,  but  the  maximum  and 
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Table  5.  Incident  wave  heights  in 
experiment  72C-10. 
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Figure  2.  Correlation  of  manual  and  automated  reflection  coefficients, 
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Automated  method 
Adjusted  manual  method 


minimum  values  occur  at  the  same  times  on  the  three  ranges.  Maximum 
values  occur  at  1.5,  25,  55,  and  105  hours;  minimum  values  occur  at  35 
60,  90,  95,  and  120  hours.  Long-term  variations  are  not  apparent. 


The  values  of  K/?  in  the  fixed-bed  tank  as  determined  by  the  auto- 
mated method  are  shown  in  Table  6.  Tlie  Kj/?  varied  from  0.01  to  0.03, 
indicating  that  the  variability  in  the  movable-bed  tank  was  not  observed 
in  the  control  tank.  Thus,  the  reflection  variability  in  the  movable-bed 
tank  was  due  to  the  changing  profile,  with  a measurement  error  of  ±0.01. 

' 2 . Profile  Surveys. 

f 

i a.  Interpretation  of  Contour  Movement  Plots.  The  profile  surveys 

(discussed  in  Vol.  I)  measured  the  three  space  variables  of  onshore- 
offshore  distance  (station),  longshore  distance  (range),  and  elevation 
at  fixed  times  (Table  2)  during  the  experiment.  The  CONPLT  method  (see 
Vol.  I)  for  presenting  the  data  involves  fixing  the  longshore  distance  by 
selecting  data  from  a given  range  and  analyzing  the  surveys  along  that 
range.  The  surveyed  distance-elevation  pairs  along  that  range  are  used  to 
obtain  the  interpolated  position  of  equally  spaced  depths;  e.g.,  -0.1, 
-0.2,  and  -0.3  on  the  hypothetical  profile  in  Figure  4(a).  These  contour 
j positions  from  each  survey  are  then  plotted  against  time  (Fig.  4,b). 

I 

j A horizontal  line  in  Figure  4(b)  represents  no  change  in  contour 

f position.  An  upward-sloping  line  indicates  landward  movement  of  contour 

1 position  (i.e.,  erosion);  a downward-sloping  line  indicates  deposition. 

I The  slope  of  a line  indicates  the  rate  of  erosion  or  deposition  (horizon- 

[ tally)  at  that  elevation.  The  three  x’s  at  time  ta  (Fig.  4,b)  indicate 

f multiple  contour  positions  at  elevation  -0.2  which  is  shown  by  the  inter- 

section of  the  dashline  with  profile  tz  in  Figure  4(a). 

Three  types  of  contour  movement  plots  included  in  this  study  a.'e: 

(a)  The  seawardmost  intercepts  along  one  ran^e  for  selected 
J depths; 

; (b)  the  seawardmost  intercepts  for  one  selected  depth  along 

all  ranges;  and 

(c)  all  contour  intercepts  including  multiple  intercepts 
along  one  range,  for  up  to  12  selected  depths. 

The  coordinate  system  used  for  the  contour  movement  plots  is  shown  in 
Figure  5.  The  elevations  referred  to  in  the  discussion  that  follows  are: 
0.1  foot  (3.0  centimeters),  0.3  foot  (9.1  centimeters),  0.4  foot  (12.2 
centimeters) , 0 . 5 foot  (15.2  centimeters),  0.6  foot  (18.3  centimeters), 

0.8  foot  (24.4  centimeters),  0.9  foot  (27.4  centimeters),  1.0  foot  (30.5 
centimeters),  1.1  feet  (33.5  centimeters),  1.3  feet  (39.6  centimeters), 

1.4  feet  (42.7  centimeters),  2.1  feet  (64.0  centimeters),  and  2.2  feet 
(67.1  centimeters). 
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b.  Profile  Zones.  Definitions  of  coastal  engineering  terms  used  in 
lilBS  reports  conform  to  Allen  (1972)  and  the  Shore  Protection  Manual  (SPM) 
(U.S.  Army,  Corps  of  Engineers,  Coastal  Engineering  Research  Center,  1975). 
For  the  profile  zones  in  this  study,  the  boundary  between  the  foreshore 
and  inshore  zones,  the  lower  limit  of  backrush  (low  water  line),  is  at 
elevation  -0.1  foot.  Tlie  seaward  edge  of  the  inshore  zone  is  defined  as 
extending  through  the  breaker  zone.  The  boundary  between  the  inshore  and 
offshore  zones  for  this  experiment  is  at  elevation  -0.9  foot. 

A definition  sketch  of  the  profile  zones  is  shown  in  Figure  6.  Die 
profile  at  55  hours  (dashline)  had  a very  narrow  foreshore  zone  with  a 
steep  beach  face  and  a high  scarp,  an  inshore  zone  consisting  of  two 
almost  flat  regions  separated  by  a gentle  slope,  and  a steep  offshore 
zone.  The  profile  at  140  hours  (broken  line)  was  similar.  Tlie  foreshore 
and  offshore  zones  had  roughly  the  same  shapes,  but  the  foreshore  had 
retreated  landward  and  the  offshore  had  prograded  seaward.  The  inshore 
zone  had  a longer  inner  shelf,  a sloping  region  in  the  same  position,  and 
more  of  a bar  and  trough  at  the  outer  end.  This  development  is  shown  by 
contour  movement  plots  (Figs.  7 to  11)  of  the  seawardmost  contour  inter- 
cepts for  elevations  at  0.1-foot  depth  increments  from  +1.1  to  -2.2 
feet.  The  heavier  lines  for  the  -0.1-  and  -0.9-foot  contours  distinguish 
the  three  profile  zones  in  the  figures.  In  the  foreshore  and  offshore 
zones  the  contour  lines  are  close  together,  indicating  steeper  slopes; 
in  the  inshore  zone  the  lines  are  generally  spaced  farther  apart,  indica- 
ting flatter  slopes. 

(1)  Foreshore  Zone.  Within  the  first  40  minutes  the  foreshore  zone 
developed  the  basic  shape  which  it  maintained  throughout  the  experiment. 
This  is  indicated  by  the  parallel  lines  after  40  minutes  in  Figure  12, 
which  compares  the  contour  movements  in  the  foreshore  zone  along  the 
five  ranges  during  the  first  10  hours.  The  foreshore  maintained  basic- 
ally this  shape  as  it  retreated  in  the  erosion  process  (upward-sloping 
lines  for  -0.1  foot  and  higher  contours  in  Figs.  7 to  11). 

Although  contours  of  the  foreshore  moved  together,  the  lines  were 
not  always  parallel  (Figs.  7 to  11),  indicating  some  variation  in 
foreshore  slope  with  time  at  each  range.  Slope  values  at  the  Stillwater 
level  (SWL)  intercept  (Table  7)  were  determined  by  measuring  the  slope 
between  survey  points  on  either  side  of  the  shoreline.  The  steepest 
slope  was  0.56  and  the  flattest  slope  was  0.10,  indicating  that  although 
the  slope  varied,  the  values  were  all  fairly  steep.  The  average  slope 
was  0.204. 

The  shoreline  (0  contour)  movement  along  the  five  ranges  is  compared 
in  Figure  13.  After  5 hours  the  shoreline  along  the  different  ranges 
varied  as  much  as  2.5  feet  (0.76  meter)  in  position  at  a given  time. 

This  is  further  illustrated  by  the  photos  in  Figure  14.  At  50  hours 
(Fig.  14, a)  the  shoreline  and  scarp  on  the  near  side  (ranges  1 and  3)  were 
farther  landward  than  the  shoreline  along  the  far  side  (ranges  7 and  9), 
indicating  that  the  backshore  and  scarp  were  probably  eroding  along 
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Figure  12.  Foreshore  contour  movement  during  first  10 
hours  of  testing. 
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Table  7.  Slope  of  the  beach  face  at  the  SWL  intercept  in  experiment 
72C-10. 


Cumulative 


time 

(hr) 

Range  1 

Range  3 

Range  5 

Range  7 

Range  9 

0:00 

■H 

0.08 

m 

0.10 

0:10 

BSH 

0.20 

HBh 

0.16 

0.20 

0.18 

1:30 

0.18 

0.12 

0.20 

0.14 

3:00 

0.26 

0.16 

0.18 

BBH 

0,18 

5:00 

0.24 

0.22 

0.12 

0.28 

0.18 

0.22 

0,14 

0.28 

15:00 

0.20 

0.16 

0.26 

0.28 

0.18 

0.24 

0.18 

0.30 

0.20 

0.18 

25:00 

0.22 

0.16 

0.16 

0.24 

0.16 

30:00 

0.22 

0.16 

0.16 

0.30 

0,22 

35:00 

0.22 

0.14 

0.24 

0.24 

0.24 

40 : 00 

0.30 

0.16 

0.20 

0.18 

0.28 

45:00 

0.22 

0.16 

0.24 

0.16 

0.18 

50:00 

0.22 

0.26 

0.20 

0.18 

0.14 

55:00 

0.26 

0.24 

0,18 

0.10 

0.22 

60:00 

0.22 

0.22 

0.20 

0.16 

0.20 

65:00 

0.26 

0.24 

0.22 

0.20 

0.30 

70:00 

— 

0.20 

0.16 

0.46 

0.20 

75:00 

0.30 

0.18 

0.20 

0.20 

0.16 

80:00 

0.20 

0.18 

0.20 

0,18 

0.26 

85:00 

0.18 

0.54 

0.56 

0.18 

0.20 

90:00 

0.14 

0.24 

0.24 

0.28 

0.12 

95:00 

0.20 

0.12 

0.18 

0,22 

0.20 

100:00 

0.22 

0.14 

0.14 

0.18 

0.26 

105:00 

0.20 

0,16 

0,14 

0.18 

0.18 

110:00 

0.16 

0.16 

0.26 

0.16 

0.14 

115:00 

0.14 

0.20 

0.20 

0.14 

0.18 

120:00 

0.22 

0.28 

0.20 

0.18 

0.18 

125:00 

0.18 

0.22 

0.22 

0.20 

0.20 

130:00 

0.20 

0.28 

0.20 

0.18 

0.16 

135:00 

0.18 

0.16 

0.22 

0.30 

0.18 

140:00 

0.16 

0.22 

0.30 

0.18 

0.22 

Avg 

0.21 

0.20 

0.21 

0.20 

0.20 

0 


50  100  150 

Cumulative  Time  (hr) 
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ranges  1 and  3 at  this  time.  At  85  hours  (Fig.  14, b)  the  scarp  was 
fairly  uniform  in  position  across  the  tank,  but  the  position  of  the 
shoreline  was  seawardmost  on  the  near  side  (range  1)  and  landwardmost  in 
the  middle  (range  5),  indicating  tliat  the  backshore  and  scarp  were  prob- 
ably eroding  along  range  5.  The  more  seaward  shoreline  positions  appeared 
to  be  areas  of  deposition. 

The  slope  of  the  0 contours  in  Figure  13  indicates  the  shoreline  re- 
cession rate.  The  rate  was  initially  quite  high  (0.15  foot  per  hour  or 
4.62  centimeters  per  hour  for  the  first  30  hours)  and  then  decreased 
(0.041  foot  per  hour  or  1.25  centimeters  per  hour  from  30  to  115  hours) 
as  the  experiment  continued.  Three  of  the  five  0 contours  were  horizontal 
during  the  last  few  hours,  indicating  that  the  foreshore  may  have  been 
approaching  an  equilibrium  position. 

Because  the  backshore  slope  was  0.10  and  not  horizontal,  the  volume 
rate  of  erosion  was  not  directly  proportional  to  the  shoreline  recession 
rate.  With  the  recession  rate  decreasing,  the  volume  erosion  was  likely 
close  to  a constant  value. 

(2)  Inshore  Zone.  Tlie  movement  of  all  contour  intercepts  in  the  in- 
shore zone  along  the  five  ranges  is  shown  in  Figures  15  to  19;  the  move- 
ment of  selected  contours  along  the  five  ranges  is  compared  in  Figure  20. 

Within  the  first  hour  a longshore  bar  and  trough  developed  in  the 
inshore  zone,  as  indicated  by  the  seaward  movement  of  the  -0.5-  and  -0.4- 
foot  contours  and  the  many  multiple  contour  intercepts  at  those  elevations 
in  Figures  15  to  19.  By  15  hours  the  bar  had  eroded  (shoreward  movement 
of  the  -0.4-  and  -0.5-foot  contours).  The  inshore  developed  into  two 
fairly  flat  shelves  separated  by  a gently  sloping  area. 

The  -0.6-foot  contour,  in  the  middle  of  the  slope,  effectively  divides 
the  inshore  zone  into  an  inner  region  which  expanded  in  the  shoreward 
direction  as  the  foreshore  retreated  landward,  and  an  outer  region  which 
expanded  in  the  seaward  direction  as  the  offshore  prograded  seaward. 

(a)  Inner  Region.  After  15  hours  the  inner  region  was 
essentially  a flat  shelf  between  two  slopes.  The  depth  over  the  shelf 
varied  across  the  tank  at  any  one  time  and  generally  increased  with  time. 
The  lateral  variation  is  shown  in  Figure  20  for  contours  at  elevation 
-0.3  and  -0.4  foot.  At  any  one  time  the  -0.3-  and  -0.4-foot  contours 
varied  several  feet  in  position  from  one  range  to  the  next.  The  increas- 
ing depth  over  the  inshore  shelf  is  clearly  shown  in  Figure  6,  which  com- 
pares profiles  at  55  and  140  hours. 

(b)  Outer  Region.  The  outer  region  developed  during  the  first 
50  hours  as  a flat  shelf  between  the  steep  offshore  slope  and  the  inner 
inshore  zone  as  indicated  by  the  -0.6-  and  -0.7-foot  contours  and  lack  of 
many  multiple  intercepts  for  elevations  -0.6  to  -0.9  foot  (see  Figs.  15 
to  19). 
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Figure  16.  Changes  in  the  inshore  zone  along  range  3. 
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Figure  17.  Changes  in  the  inshore  zone  along  range  5 
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Figure  19.  Changes  in  the  inshore  zone  along  range  9 
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Figure  20.  Mo'/^ement  of  the  inshore 
zone  at  five  ranges: 
Comparison  of  the  -0.3-, 
-0.4-,  -0.5-,  -0.7-,  and 
-0.8-foot  contour  movements 


Beginning  at  50  hours  along  range  5 (slightly  earlier  along  ranges  7 
and  9,  and  later  along  ranges  1 and  3)  the  outer  inshore  became  more  un- 
dulating; i.e.,  a bar  developed  at  the  outer  end  of  the  outer  inshore 
region  and  a fairly  deep  trough  developed  between  the  bar  and  the  inner 
inshore  region.  The  depth  of  the  trough  increased  as  the  experiment 
continued.  The  trough  developed  first  along  ranges  7 and  9 at  45  hours, 
along  range  5 at  50  hours,  along  range  1 at  55  hours,  and  along  range  3 
at  60  hours.  This  is  indicated  by  the  multiple  intercepts  at  -0.8  foot 
in  Figures  15  to  19. 

The  trough  eroded  to  elevation  -0.9  foot  at  50  hours  along  range  9,  at 
70  hours  along  ranges  1 and  3,  at  75  hours  along  range  7,  and  at  80  hours 
along  range  5.  Elevation  -1.0  was  reached  first  along  ranges  1 and  9, 
and  last  along  range  5.  Along  ranges  1 and  9 the  trough  reached  elevation 
-1.1  at  115  hours.  Thus,  the  erosion  of  the  trough  started  first  along 
the  outside  ranges  and  progressed  toward  the  center. 

(3)  Offshore  Zone.  The  offshore  zone  was  a zone  of  deposition,  as 
indicated  by  the  downward- sloping  lines  for  contours  deeper  than  -0.8 
foot  in  Figures  7 to  11.  The  deposition  began  first  at  the  higher  eleva- 
tions (-0.9  to  -1.4  feet)  with  the  greatest  rates  at  the  higher  of  these 
elevations.  The  deposition  began  after  10  hours  at  the  lower  elevations, 
extending  progressively  from  -1.4  to  -2.2  feet,  as  shown  by  the  closer 
spacing  of  the  deeper  contours  in  Figures  7 to  11  as  the  experiment  con- 
tinued. 

The  deposition  rate  at  -1.0  foot,  for  example,  was  high  initially  and 
then  began  to  decrease.  The  contours  for  -0.9  to  -1.3  feet  were  approach- 
ing horizontal  during  the  last  5 to  10  hours,  indicating  that  the  shore- 
ward edge  of  the  offshore  zone  may  also  have  been  approaching  an  equilib- 
rium position. 

Movement  of  the  -0.9-,  -1.4-,  and  -2.1-foot  contours  along  the  five 
ranges  is  compared  in  Figure  21.  At  all  three  elevations,  the  lines  for 
the  five  ranges  are  fairly  close  together  (within  0.5  foot),  indicating 
no  significant  lateral  variation  in  the  amount  or  rate  of  deposition  in 
the  offshore  zone. 

3.  Sediment-Size  Distribution. 

The  sand  for  these  experiments  was  the  same  sand  used  by  Savage  (1959, 
1962)  and  Fairchild  (1970).  In  Volumes  II  and  III,  the  median  grain  size 
(sieve  method)  for  the  sand  was  reported  to  be  0.23  millimeter.  A total 
of  16  samples  was  collected  along  the  full  length  of  the  profile  before 
the  start  of  this  experiment.  Four  of  the  samples  were  analyzed  by  the 
sieve  method;  the  average  median  grain  size  was  0.21  millimeter,  0.02 
millimeter  less  than  the  earlier  experiments.  The  sieving  results  are 
given  in  the  Appendix. 

All  samples  collected  for  this  experiment  were  analyzed  by  the  Visual 
Accumulation  (VA)  tube  method,  and  10  percent  of  the  samples  were  also 
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analyzed  by  the  sieve  method  for  quality  control  (described  in  Vol.  I). 

The  values  reported  here  are  the  VA  tube  values,  which  are  generally 
0.015  millimeter  less  than  the  sieve  median. 

Tables  8 and  9 give  the  median  grain-size  results,  including  values 
at  the  beginning  of  the  experiment  (Table  8).  The  initial  average 
median  grain  size  by  the  VA  tube  method  was  0.195  millimeter. 

A summary  of  the  mean  and  range  of  the  median  grain  sizes,  and  the 
number  of  samples  within  each  profile  zone  are  given  in  Table  10.  In  the 
foreshore  zone,  the  mean  of  the  median  sizes  increased  as  the  finer  sand 
preferentially  eroded.  The  range  of  median  size  also  increased.  In  the 
inshore  zone,  the  mean  of  the  median  sizes  increased  slightly.  In  the 
offshore  zone,  the  mean  of  the  medians  increased  between  100  and  140 
hours  and  the  range  of  medians  gradually  increased  throughout  the  experi- 
ment. At  the  end  of  the  experiment,  the  mean  median  was  0.25  millimeter 
in  the  foreshore  zone,  0.22  millimeter  in  the  inshore  zone,  and  0.21 
millimeter  in  the  offshore  zone.  This  type  of  variation  is  expected  on 
an  eroding  profile.  However,  the  mean  of  the  medians  in  any  zone  was 
never  less  than  the  initial  mean  median,  indicating  that  the  finer  frac- 
tions were  eroded  from  the  profile  surface. 

4.  Breaker  Characteristics. 

A plot  of  breaker  type  and  position  superimposed  on  a plot  of  contour 
movement  along  range  5 is  shown  in  Figure  22.  During  the  first  30  hours 
the  wave  broke  by  plunging  and  moved  seaward  as  the  seaward  edge  of  the 
inshore  zone  moved  seaward.  Between  30  and  80  hours  the  breaker  position 
varied  across  the  inshore  zone  and  the  breaker  type  varied  between  plung- 
ing and  spilling.  At  60  hours  the  wave  broke  twice.  From  85  hours  until 
the  end  of  the  experiment  the  wave  broke  twice,  generally  by  spilling  and 
occasionally  by  plunging  near  the  seaward  edge  of  the  inshore  zone  (eleva- 
tion -0.8  foot)  and  breaking  by  plunging  near  the  seaward  edge  of  the 
inner  inshore  region  (elevation  -0.4  to  -0.5  foot).  The  position  of  the 
secondary  breaker  varied  across  the  tank  between  stations  0 and  8. 

At  56  hours  the  breaker  height  (at  station  12.5)  was  0.47  foot  (14.3 
centimeters)  along  range  1,  0.60  foot  along  range  5,  and  0.52  foot  (15.8 
centimeters)  along  range  9.  At  77  hours  the  breaker  height  was  0.46  foot 
(14.0  centimeters)  at  station  5.5  along  range  1,  0.54  foot  (16.5  centi- 
meters) at  station  12.5  along  range  5,  and  0.45  foot  (13.7  centimeters) 
at  station  13.0  along  range  9. 

5 . Wave-Generated  Currents. 

The  procedures  for  collecting  current  data  are  described  in  Volume  I. 

a.  Surface  Currents . During  the  first  35  hours,  a circulation 
pattern  developed  between  the  breaker  zone  and  the  shoreline  (Fig.  23), 
apparently  as  the  result  of  the  longshore  current  which  developed  at  the 
base  of  the  foreshore.  The  current  flowed  from  landwardmost  point  of 
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Table  8.  Sediment-size  analysis  at  0 hours  for 
experiment  72C-10. 


station 

Ranize  4 

Ranee  6 

Elevation 

(ft) 

Median 

(mm) 

Median 

(phi) 

Elevation 

(ft) 

Median 

(mn) 

Median 

(phi) 

-4 

0.45 

0.22 

2.21 

■19 

nn 

2.27 

0 

0.00 

0.20 

2.30 

2.35 

4 

-0.40 

0.19 

2.40 

-0.40 

2.32 

8 

-0.75 

0.19 

2.38 

-0.75 

Ball 

2.40 

12 

-1.12 

0.19 

2.38 

-1.10 

2.43 

16 

-1.55 

0.19 

2.37 

-1.55 

0.18 

2.46 

20 

-1.95 

0.19 

2.40 

-1.95 

0.19 

2.37 

23 

-2.20 

0.20 

2.32 

-2.20 

0.19 

2.38 

Ttbl*  9.  Scdiaent'Six*  •ntlysts  at  SO.  100.  and  140  hours  for  experiaent  72C-10. 


the  shoreline  toward  the  seawardmost  point  of  the  shoreline  (generally 
flowing  from  range  1 to  7 or  from  range  9 to  3) . The  direction  of  the 
longshore  current  shifted  as  the  backshore  on  different  sides  of  the 
tank  eroded. 

No  observations  were  made  of  the  surface  currents  between  35  and  85 
hours.  After  85  hours  the  longshore  current  was  observed,  but  the  cir- 
culation pattern  between  the  shoreline  and  the  breaker  zone  was  more 
confused.  Strong  seaward  currents  were  observed  at  times  along  the  tank 
walls  from  the  shoreline  through  the  breaker  zone. 

b.  Bottom  Currents.  During  the  first  95  hours,  concentrations  of 
organic  debris,  such  as  leaves  and  twigs,  were  observed  in  the  area 
where  the  seaward  current  met  the  breaker  line.  The  debris  did  not  move 
across  the  tank  through  the  breaker  zone  as  the  surface  currents  did. 
However,  when  the  longshore  current  changed  direction  and  the  seaward 
current  shifted  to  the  other  side  of  the  tank,  the  debris  also  moved  to 
the  other  side  of  the  tank. 

After  85  hours,  circular  currents  were  observed  between  stations  -6 
and  +8  (Fig.  24) . From  87  to  91  hours  the  pattern  was  a single  counter- 
clockwise circular  cell  (Fig.  14, a);  from  92  to  108  hours,  two  circular 
patterns  existed  (Fig.  24, b).  Between  108  to  140  hours,  a single  cell 
again  occurred  in  the  clockwise  direction  (Fig.  24, c),  except  between 
110  and  111  hours  when  the  direction  reversed  (as  in  Fig.  24, a),  and  at 
139  hours  when  a dual  cell  developed  as  shown  in  Figure  24(d). 

6.  Water  Temperature. 

Figure  25  gives  data  on  the  daily  average  water  temperature  versus 
cumulative  test  time  and  real  time.  The  water  temperature  decreased 
throughout  the  experiment. 

111.  PROFILE  DEVELOPMENT  AND  REFLECTIVITY 

Results  are  analyzed  by  (a)  Profile  development,  in  which  the  inter- 
dependence of  the  changes  in  profile  shape,  sediment-size  distribution, 
breaker  characteristics,  and  water  temperature  is  analyzed;  and  (b) 
profile  reflectivity,  in  which  changes  in  profile  shape  and  breaker 
characteristics  are  related  to  the  variability  of  the  reflection  coef- 
ficient. Profile  development  is  discussed  first  to  provide  an  intro- 
duction to  profile  reflectivity. 

1 . Profile  Development. 

The  important  changes  in  the  foreshore,  inshore,  and  offshore  zones, 
the  breaker  conditions,  median  grain  size,  and  water  temperature  during 
this  experiment  are  summarized  and  tabulated  as  a function  of  time  in 
Table  11. 

The  profile  development  discussed  previously  and  condensed  in  Table 
11  occurred  as  follows.  In  the  first  1.5  hours  the  plunging  breaker 


Distance  from  Original  SWL  Intercept  (ft) 

8 0-6 


a.  87  to  91  and  1 10  hr 


b.  92  to  I 08  hr 


c.  108,109,111  to  138,  and  140  hr 


d.  139  hr 

Figure  24.  Bottom  current  patterns  near 
end  of  experiment  72C-10. 


Table  11.  Summary  of  profile  development  in  experiment  72C-10. 


• plunging. 

^P»S  • plunging  and  spilling. 
« spilling. 


formed  a longshore  bar  in  the  inner  inshore.  A shelf  developed  in  the 
outer  inshore  as  sand  was  deposited  just  seaward  of  the  breaker  position. 

Between  5 and  15  hours  the  breaker  moved  seaward  with  the  development 
of  the  outer  inshore  shelf  and  the  longshore  bar  in  the  inner  inshore 
eroded.  Longshore  currents  developed  at  the  base  of  the  foreshore  as 
three-dimensional  changes  in  the  foreshore  occurred. 

At  30  hours  the  breaker  began  moving  shoreward,  and  between  50  and 
85  hours  the  breaker  type  varied  between  plunging  and  spilling  and  the 
breaker  position  varied  across  the  inshore  zone.  The  foreshore  and 
shoreward  edge  of  the  inner  inshore  moved  landward,  and  the  offshore  and 
seaward  edge  of  the  outer  inshore  moved  seaward,  at  rates  which  varied 
from  high  (initially)  to  almost  zero  near  the  end  of  the  experiment. 

At  85  hours,  the  length  of  the  shelf  in  the  outer  inshore  had 
increased  enough  for  the  wave  to  break  twice,  by  spilling  at  the  outer 
edge  of  the  outer  inshore  and  by  plunging  at  the  outer  edge  of  the  inner 
inshore.  The  erosion  of  the  trough  in  the  outer  inshore  started  along 
the  sides  and  progressed  toward  the  center. 

The  movement  of  the  shoreline  with  the  change  in  water  temperature  is 
compared  in  Figure  26.  The  water  temperature  dropped  throughout  the  ex- 
periment. The  shoreline  recession  rate  gradually  decreased,  indicating 
that  the  volume  rate  of  erosion  was  fairly  constant. 

2 . Profile  Reflectivity. 

The  profile  shapes  which  evolved  during  the  profile  development  are 
shown  in  Figure  6.  Steep  foreshore  and  offshore  slopes  developed  almost 
immediately  and  then  began  to  separate.  The  distance  between  the  two 
slopes  increased  as  the-  foreshore  retreated  landward  with  the  erosion  of 
sand  from  the  foreshore  and  backshore,  and  the  offshore  advanced  seaward 
with  the  deposition  of  the  sand  seaward  of  the  breaker. 

Figure  3 shows  the  variability  of  the  reflection  coefficient  in  this 
experiment.  At  1.5,  25,  55,  and  105  hours,  maximum  values,  occurred;  at 
35,  60,  90,  95,  and  120  hours,  minimum  values  occurred.*  No  long-term 
increase  or  decrease  is  apparent. 

With  the  development  of  the  two  reflecting  zones  separated  by  a 
growing  distance  of  fairly  gradual  slope,  the  measured  reflected  wave  may 
have  been  composed  of  two  reflected  waves.  A change  in  phase  or  amplitude 
of  either  reflected  wave  would  change  the  phase  and  amplitude  of  the 
measured  wave.  Perhaps  the  variability  can  be  attributed  to  the 

change  in  phase  difference  between  these  two  reflected  waves  as  the  fore- 
shore retreated  landward  and  the  offshore  advanced  seaward. 

With  the  depth  over  the  inshore  zone  an  average  of  0.6  foot,  the 
average  wavelength  was  6.23  feet  (1.90  meters).  An  increase  of  3.12  feet 
(0.95  meter)  in  the  distance  between  the  two  reflecting  zones  would  cause 
a change  in  phase  difference  of  360®.  The  distance  between  the  0-  and 
-1.0-foot  contours  increased  from  10  to  28.5  feet  (3.0  to  8.7  meters), 
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Figure  26.  Comparison  of  water  temperature  changes 
and  shoreline  movement. 
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indicating  that  the  maximum  number  of  cycles  of  360°  phase-difference 
change  possible  was  five.  If  the  cycle  started  with  the  two  waves  180° 
out  of  phase,  four  in-phase  values  are  possible. 

This  hypothesis  cannot  be  proven  with  the  data  presented  here, 
because  neither  the  foreshore  nor  the  offshore  reflection  was  measured 
separately. 

Near  the  end  of  the  experiment  when  the  profile  appeared  to  have  been 
close  to  equilibrium,  the  did  not  vary  significantly,  possibly 

verifying  the  original  premise  that  reflection  variability,  and  thus  wave 
height  variability,  would  be  eliminated  as  the  profile  reached  equilibrium. 

The  position  of  the  -0.8-foot  contour  and  the  reflection  coefficient 
versus  time  for  experiment  72C-10  are  compared  in  Figure  27.  The  move- 
ment of  the  seawardmost  -0.8-foot  contour  is  an  indicator  of  the  depth 
at  the  top  of  the  offshore  slope  reflecting  surface.  The  shoreward 
movement  of  the  -0.8-foot  contour  near  the  end  of  the  experiment  did 
not  cause  any  noticeable  reduction  in  the  which  was  already  low. 

IV.  DISCUSSION  OF  RESULTS 

1 . Wave  Height  Variability. 

Two  possible  causes  of  wave  height  variability  in  experiment  72C-10 
are  (a)  wave  reflection  from  the  changing  profile,  and  (b)  re-reflection 
from  the  wave  generator.  This  experiment  was  designed  primarily  to  quan- 
tify the  amount  of  variability  due  to  reflection. 

a.  Wave  Reflection  from  the  Profile.  The  varied  from  0 to  O.IS 

in  the  movable-bed  tank  in  this  experiment,  which  is  generally  lower  than 
in  tests  with  the  1.90-second  wave  (see  Vols.  II,  III,  and  IV).  No  long- 
term increase  or  decrease  occurred  in  the  K^,  but  there  was  a series  of 
short-term  fluctuations  possibly  caused  by  the  change  in  phase  difference 
between  the  waves  reflected  from  the  offshore  and  foreshore  as  the  dis- 
tance between  the  offshore  and  foreshore  zones  increased.  This  kind  of 
fluctuation  had  been  mentioned  as  a possible  cause  of  long-term  reflec- 
tion variability  in  the  experiments  discussed  in  Volumes  II  and  III,  The 

i depth  variation  at  the  top  of  the  offshore  slope  did  not  cause  a vari- 

' ation  in  K^,  as  was  observed  in  the  experiments  with  the  1.90-second 

.wave  (Vols.  II,  III,  and  TV),  probably  because  the  Kpi  value  was  already 
\ small. 

I 

b.  Re-Reflection  from  the  Generator.  The  reflected  wave  advanced  to 
the  generator  and  was  re-reflected.  As  the  height  of  the  reflected  wave 
varied,  the  height  of  the  re-reflected  wave  varied.  As  the  phase  dif- 
ference between  the  re-reflected  wave  and  the  generator  motion  varied 
with  changes  in  the  profile,  the  height  and  phase  of  the  incident  wave 
varied.  The  height  of  the  wave  incident  to  the  profile,  which  was  meas- 
ured by  averaging  wave  heights  along  the  full  tank  length,  had  a range 
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Figure  27.  Comparison  of  the  -0.8- foot  contour 
position  and  .K^. 
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of  0.09  foot.  Part  of  that  variation  [0.03  foot)  was  due  to  measurement 
and  other  errors;  the  remainder  of  the  variation  (0.06  foot)  was  due  to 
variation  in  the  height  and  phase  (at  the  generator)  of  the  re-reflected 
wave. 

2.  Profile  Equilibrium. 

The  profile  in  experiment  72C-10  appeared  to  be  approaching  an  equilib- 
rium shape  after  33,600  waves.  The  shoreline  and  foreshore  had  stopped 
retreating  along  three  of  the  five  ranges  and  the  rate  of  retreat  had 
slowed  along  the  other  two  ranges.  The  offshore  zone  also  showed  signs 
of  approaching  equilibrium,  i.e.,  deposition  had  apparently  ceased  at 
elevations  from  -0.9  to  -1.3  feet.  Experiment  71Y-10,  which  was  most 
similar  to  this  experiment,  did  not  appear  close  to  equilibrium  after 
63,474  waves. 

Although  the  experiment  was  not  run  long  enough  to  prove  that  equilib- 
rium had  been  reached,  it  appeared  that  equilibrium  was  close  (at  least 
closer  than  tests  with  the  1.90-second  wave).  Also  little  change  occurred 
in  the  breaker  type  and  position  or  in  the  reflection  coefficient,  further 
indicating  that  equilibrium  may  have  been  close. 

3.  Other  Laboratory  Effects. 

a.  Water  Temperature.  Chesnutt  and  Galvin  (1974),  Chesnutt  (1975), 
and  Chesnutt  and  Stafford  (1977a)  pointed  out  possible  temperature  effects 
in  the  profile  development  in  other  LEBS  experiments.  They  observed  that 
with  lower  water  temperatures  (higher  viscosities)  the  shoreline  recession 
rate  was  greater.  In  this  experiment,  the  water  temperature  decreased 
throughout,  while  the  shoreline  recession  rate  decreased  from  a high  rate 
to  near  zero.  Thus,  this  experiment  does  not  support  the  suggested  tem- 
perature effect  found  in  the  earlier  tests,  although  it  is  not  ruled  out. 

b.  Tank  Width.  Volume  III  pointed  out  greater  lateral  variation  in 
the  development  of  the  profile  in  the  10-foot  tank  than  in  the  6-foot  tank 
for  the  1.9-second  wave.  In  this  experiment  in  the  10-foot  tank  with  the 
shorter  1.5-second  wave,  even  greater  three-dimensional  effects  were  ob- 
served in  the  foreshore  and  inshore  regions  than  in  the  10-foot  tank  with 
the  1.9- second  wave. 

V.  CONCLUSIONS  AND  RECOMMENDATIONS 

1.  Conclusions. 


(a)  In  experiment  72C-10  with  a water  depth  of  2.33  feet  (0.71  meter), 
a wave  period  of  1.50  seconds,  and  a generator  stroke  of  0.325  foot  (9.9 
centimeters),  the  nominal  generated  wave  height  was  0.41  foot  (12.5  centi- 
meters) and  the  average  incident  wave  height  was  0.43  foot.  Reflection 
measurements  in  the  control  tank  with  a fixed-bed  profile  varied  from 

0.01  to  0.03,  indicating  that  the  wave  generators  were  operating  uniform- 
ly and  that  the  measurement  error  in  determining  K;;'  was  +0.01  (Tables  5 
and  6) . 

(b)  varied  from  0 to  0.15.  The  variations  were  possibly  caused 
by  the  change  in  phase  difference  between  the  waves  reflected  from  the 
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offshore  slope  and  the  foreshore  slope  as  those  two  zones  moved  farther 
apart  on  the  developing  profile  (Figs.  3 and  9).  In  this  experiment  the 
top  of  the  offshore  zone  did  not  vary  significantly  in  slope  or  depth 
at  the  same  time  that  varied  (Fig.  27),  in  contrast  to  observations 

reported  in  Volumes  II,  III,  and  IV  for  the  longer  1.90-second  waves  with 
the  same  wave  energy  flux. 

(c)  The  profile  appeared  to  have  almost  attained  an  equilibrium 
shape.  This  apparent  equilibrium  was  attained  for  the  1.5-second  wave, 
although  the  1.90-second  wave  in  the  same  facility  with  the  same  energy 
flux  did  not  approach  equilibrium  after  twice  the  number  of  waves  had 
been  run  (see  Figs.  7 to  11  and  Vol.  III). 

(d)  Even  though  this  experiment  was  conducted  in  a wave  tank  with 
the  direction  of  wave  approach  normal  to  the  initial  shoreline,  the  shore- 
line became  skewed  and  a longshore  current  developed  at  the  base  of  the 
foreshore.  The  greater  three-dimensional  development  of  the  beach  in  this 
experiment  compared  with  experiment  71Y-10  (Vol.  Ill)  is  consistent  with 
the  working  hypothesis  that  the  shorter  the  wavelength  relative  to  a given 
tank  width,  the  greater  the  likelihood  of  three-dimensional  effects  in 
profile  shape  and  profile  development  (see  Figs.  7 to  11  and  14  and  Vol. 
Ill)  . 

(e)  Measured  changes  in  the  median  grain-size  distribution  gave 
results  typical  of  an  eroding  profile:  from  a d^Q  of  0.195  millimeter  on 
the  initial  profile,  the  mean  dso  everywhere  became  coarser,  so  that 
after  140  hours  the  dso  0.25  millimeter  on  the  foreshore,  0.22  milli- 
meter on  the  inshore,  and  0.21  millimeter  on  the  offshore  (Table  10). 

2 . Recommendations . 

(a)  Experimenters  should  expect  three-dimensional  effects  to  become 
significant  in  otherwise  two-dimensional  experiments  when  the  wavelength 
decreases  to  near  the  tank  width. 

(b)  Additional  research  on  the  interaction  of  waves  reflected  from 
two  or  more  segments  of  the  profile  is  recommended  to  prove  or  disprove 
the  hypothesis  in  conclusion  (b)  above. 

(c)  The  final  profile  shape  (at  140  hours  in  Fig.  6)  could  be  used 
as  an  approximation  to  an  equilibrium  profile  for  the  wave,  sediment,  and 
slope  conditions. 
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APPENDIX 


EXPERIMENTAL  PROCEDURES  FOR  72C-10 

TTiis  appendix  documents  those  aspects  of  the  experimental  procedures 
unique  to  experiment  72C-10.  The  procedures  common  to  all  experiments 
are  documented  in  Volume  I (Stafford  and  Chesnutt,  1977). 

1.  Experimental  Layout. 

The  experimental  layout  was  the  same  as  that  used  for  experiment 
71Y-10  (Vol.  III).  Figure  A-1  shows  the  position  of  the  initial  profiles 
with  respect  to  the  coordinate  system. 

2.  Data  Collection. 

a . Regular  Data. 

(1)  Wave  Height  Variability.  During  the  first  run  (to  10  minutes), 
a continuous  water  surface  elevation  was  recorded  at  station  25  near  the 
toe  of  the  movable-bed  profile  and  7 feet  from  the  toe  of  the  fixed-bed 
slope.  During  all  subsequent  runs,  wave  envelopes  were  recorded  with 

wave  gages  moving  along  the  center  of  the  fixed-bed  tank  and  along  ranges 
1,  5,  and  9 in  the  movable-bed  tank  from  station  +15  to  +50. 

(2)  Breaker  Data.  Breaker  data  were  collected  for  the  first 
85  hours  according  to  the  schedule  in  Table  3.  After  85  hours,  the 
visual  observation  form,  including  breaker  data,  was  prepared  hourly. 

(3)  Wave-Generated  Current  Data.  For  the  first  85  hours,  wave- 
generated current  data  were  collected  using  the  methods  described  in 
Volume  I;  however,  the  frequency  of  collection  varied,  as  surface  current 
data  were  not  collected  between  35  and  85  hours. 

After  85  hours  the  current  data  were  collected  hourly  and  recorded  on 
the  visual  observation  form.  Current  patterns  were  determined  by  observ- 
ing the  movement  of  organic  debris  in  the  water. 

b.  Special  Data.  Four  types  of  special  data  were  collected  at  less 
frequent  intervals,  and  Table  A-1  indicates  the  times  when  each  type  of 
data  was  collected. 

3.  Data  Reduction. 

a.  Wave  Height  Variability.  The  wave  reflection  envelope  recordings 
were  divided  into  two  grades  for  data  reduction.  The  automated  method 
for  determining  was  used  with  a Grade  I data,  which  had  no  data 

quality  problems.  The  manual  method  for  determining  was  used  with 

the  grade  II  data,  which  had  problems  of  (a)  pen  skips,  (b)  highly  vari- 
able instrument  carriage  velocity,  or  (c)  off-scale  values.  Twenty  per- 
cent of  the  grade  I envelopes  were  also  reduced  manually  to  provide  a 
comparison  of  the  two  methods. 


Table  A-1.  Summary  of  special  data  collection. 


Time 

(hr) 

Profile  survey 
limits^ 

(ft) 

Photo  survey 
limits 
(ft) 

Sand  sample 
limits^ 

(ft) 

Wave  envelope 
limits^ 

(ft) 

0 

Not  taken 

Not  taken 

-4  to  +23 

Not  taken 

30 

Not  taken 

Not  taken 

Not  taken 

Envelope : 

+15  to  +50 

50 

-10.0  to  +27.0 

-10  to  +26 

-10  to  +24 

Not  taken 

60 

Not  taken 

Not  taken 

Not  taken 

Envelope: 

+15  to  +50 
Stands : 

+45  to  +18 
+18  to  +6 

80 

Not  taken 

Not  taken 

Not  taken 

Envelope : 

+20  to  +50 
Stands : 

+48  to  +25 
+20  to  +5 

100 

-10.0  to  +27.0 

-10  to  +26 

-10  to  +26 

Not  taken 

140 

-11.0  to  +28.0 

-10  to  +29 

-12  to  +26 

Not  taken 

^Elevations  measured  at  0.5-foot  intervals  between  the  given  stations 
along  ranges  0.5  foot  apart. 

^Samples  collected  at  4-foot  intervals  at  0 hours  along  ranges  1 foot 
either  side  of  centerline.  Samples  collected  at  2-foot  intervals  at 
50,  100,  and  140  hours  along  ranges  4 feet  either  side  of  centerline 
and  on  centerline. 

^One-minute  stands  recorded  at  0.5-foot  intervals  at  both  60  and  80 
hours.  Special  wave  envelopes  were  recorded  along  ranges  1,  3,  and  5 
in  the  movable-bed  tank. 
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The  water  surface  elevation  data  collected  with  a stationary  gage, 
during  the  first  10  minutes  and  the  two  runs  indicated  in  Table  A-1,  were 
reduced  manually  to  determine  average  wave  heights. 

b.  Sand-Size  Distribution.  All  samples  were  analyzed  using  the  VA 
tube  method  by  the  U.S.  Army  Engineer  Division,  Missouri  River,  laboratory. 
Approximately  10  percent  of  the  samples  were  also  analyzed  by  project 
personnel  in  the  CERC  Petrology  Laboratory  using  the  dry  sieve  method  as 
a quality  control  measure.  Tables  A-2  and  A-3  give  the  results  from  the 
dry  sieve  method. 

Table  A-2.  Sediment-size  analysis  (dry  sieve  method),  at  0 
hours  for  experiment  72C-10. 


Range  4 

Range  6 

Elevation 

(ft) 

Median 

(mm) 

Median 

(phi) 

Elevation 
(ft)  ' 

Median 

(mm) 

Median 

(phi) 

0.45 

0.23 

2.12 

0.45 

0.22 

2.16 

-1.12 

0.19 

2.37 

-1.10 

0.20 

2.36 

c.  Breaker  Characteristics.  Breaker  type  and  position  data  were 
determined  from  the  visual  observation  form.  Breaker  height  data  were 
determined  from  the  stationary  recordings  of  water  surface  elevation  in 
the  inshore  zone  at  56  and  77  hours. 

Table  A-3.  Sedlment-siie  enelysis  (dry  sieve  Mthod)  et  50,  100,  and  140  hours  for  experiaent  72C-10. 
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